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(54) Silicon derivative, liquid crystal composition and liquid crystal display 

(57) Provided are a silicon derivative which is excellent in compatibility with other liquid crystal materials and has 
low viscosity and which is improved in a threshold voltage, a liquid crystal composition and a liquid crystal display 
comprising the above liquid crystal composition. The silicon derivative is represented by Formula (1): 



R-A — fz 1 — A 1 -) — (~Z 2 —A 2 ) (-Z 3 -A 3 -) G SiH 2 R' (1 ) 

wherein A, A 1 , A 2 and A 3 each independently represent trans-1 ,4-cyclohexylene, 1 ,4-cyclohexenylene or 1,4-phe- 
nylene in which one or more non-adjacent -CH 2 - in these rings may be replaced by -O- and one or more -CH= may 
be replaced by -N= and in which one or more H on the rings may be substituted with halogen; Z 1 , Z 2 and Z 3 each 
independently represent a single bond, -(CH 2 ) 2 -, -CH 2 0-, -OCH 2 -, -CH 2 S-, -SCH 2 - or-(CH 2 ) 4 -; ml, m2 and m3 each 
independently represent 0 or 1 ; R represents H or an alkyl group having 1 to 10 carbon atoms, and one or more -CH 2 - 
in the above alkyl group may be replaced by -SiH 2 -, -O-, -S-, -CH=CH- or -C=C-, but -O- is not adjacent each other; 
R' represents an alkyl group having 1 to 10 carbon atoms, and one or more -CH 2 - in the above alkyl group may be 
replaced by -O-, -S- or -CH=CH-, but -O- is not adjacent each other; G represents a single bond or an alkylene group 
having 1 to 10 carbon atoms in which one or more -CH 2 - may be replaced by -O-, -S- or -CH=CH-, but -O- is not 
JJ5 adjacent each other; and either one of A, A 1 , A 2 and A 3 is 2-fluoro-1 ,4-phenylene or 2,3-difluoro-1 ,4-phenylene. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a silicon derivative, a liquid crystal composition and a liquid crystal display. 
More specifically, it relates to a novel compound having a dihydrosilanediyl group (-SiH 2 -), a liquid crystal composition 
comprising the same and a liquid crystal display constituted by using the above liquid crystal composition. 

BACKGRAOUND ART 

[0002] Display elements using liquid crystalline compounds are widely used for displays of watches, portable electric 
calculators, word processors and the like. These display elements make use of birefringence and dielectric anisotropy 
of a liquid crystalline compound. In the present application, the term "liquid crystalline compound" is used as a general 
term for a compound showing a liquid crystal phase and a compound which does not show a liquid crystal phase but 
is useful as a structural component for a liquid crystal composition. 

[0003] A liquid crystal phase includes a nematic liquid crystal phase, a smectic liquid crystal phase and a cholesteric 
liquid crystal phase, and those using a nematic liquid crystal phase are most widely used. A display mode includes a 
dynamic scattering (DS) mode, a deformed aligning phase (DAP) mode, a guest/host (GH) mode, a twisted nematic 
(TN) mode, a supertwisted nematic (STN) mode, a thin film transistor (TFT) mode and an in-plane switching (IPS) mode. 
[0004] The liquid crystalline compounds used in these display modes show a liquid crystal phase in a wide temper- 
ature range in which a room temperature is centered and are sufficiently stable under conditions on which display 
elements are used. Further, they have to have characteristics which are satisfactory for driving the display elements, 
but a liquid crystalline compound satisfying this condition by itself has not yet been found at present. Accordingly, the 
existing state is that several kinds to several ten kinds of liquid crystalline compounds are mixed to thereby prepare 
liquid crystal compositions having required characteristics. These liquid crystal compositions are required not only to 
be stable against moisture, light, heat and air which are usually present under conditions on which a display element 
is used and stable as well against an electric field and electromagnetic irradiation but also to be chemically stable 
against compounds to be mixed. Further, in the liquid crystal compositions, various physical property values such as 
birefringence (An) and dielectric anisotropy (Ae) are required to have suitable values according to a display mode and 
a form of a display element. In addition, it is important that the respective components contained in the liquid crystal 
compositions have good solubility with each other. 

[0005] In recent years, development of various techniques in a liquid crystal display has been tried for the purpose 
of enlargement in a picture plane. Especially, liquid crystal compositions that contribute largely to a reduction in power 
consumption and quick response have been desired to be developed. Further reduction in a threshold voltage is es- 
sential to a reduction in power consumption (E. Jakeman et al., Phys. Lett., 39A. 69 (1972)). Also, the low viscosity is 
important as well for quick response. Various compounds have so far been developed in order to achieve these objects, 
and among them, compounds having a silyl group in a molecule represented by the following formulas (a), (b) and (c) 
are known respectively according to Japanese Patent Application Laid-Open No. 9653/1994, Japanese Patent Appli- 
cation Laid-Open No. 2878/1995 and Japanese Patent Application laid-Open No. 2879/1995: 




(a) 




(b) 



C 3 H 7 Si(CH 3 ) 2 CH : 




CN 



(c) 
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[0006] However, these compounds are restricted to compounds having a trialkylsilyl group in which a silicon atom 
thereof is substituted with three alkyl groups. As apparent from the results of the physical properties which were meas- 
ured by the present inventors, a compound having a propyldimethylsilyl group as an example of a trialkylsilyl group 
represented by the following formula (d) has the problem that it has not only markedly high viscosity but also unsatis- 
factory compatibility with other components of a liquid crystal composition. 



Physical property measurement: a nematic phase-isotropic phase transition temperature (Nl) and viscosity (ti) at 20°C 
of a liquid crystal composition ZLI-1 1 32 manufactured by Merck Co., Ltd. were determined to find that they were 72.6°C 
and 26.7 mPa-s respectively. Then, 15 % by weight of the compound represented by the formula (d) was added to 85 
% by weight of this liquid crystal composition, and Nl and n. of the resulting composition were determined to find that 
they were 1 5°C or lower and 39.7 mPa-s respectively. It has been found from this result that a liquid crystal composition 
prepared by using the compound represented by the formula (d) is not only notably increased in viscosity but also 
reduced in Nl by 50°C or lower. Further, the compound (d) is liable to cause phase separation from the other liquid 
crystal compositions and is inferior in compatibility, so that it is not practical. 

[0007] Shown as compounds which solve the defects of such multialkyl-substituted silyl compound are a compound 
having a dihydrosilylene group represented by a compound of a formula (e) in WO96/02103 and a compound repre- 
sented by a formula (f) in Japanese Patent Application Laid-Open No. 286393/1986 



[0008] On the other hand, it is apparent from the data thereof that any of the compounds shown in the gazettes 
described above has a dihydrosilylene group on a terminal moleculae of a chain and that they have a dipole moment 
in a molecular major axis direction. 

[0009] In recent years, expected are materials for an IPS mode and a VA mode which can improve visible angle 
characteristic at a low cost. Materials having negative dielectric anisotropy are particularly suited to liquid crystal com- 
positions prepared for these modes, and further suited are those which have a high voltage-holding ratio and a low 
threshold voltage and are low in temperature dependency thereof and which have a wide liquid crystal phase temper- 
ature range and are excellent in compatibility with other liquid crystal materials and low in viscosity. Many liquid crystal 
materials having negative dielectric anisotropy have so far been developed, but those having a dihydrosilylene group 
in a molecular terminal part are not known at all. 

DISCLOSURE OF THE INVENTION 

[0010] An object of the present invention is to provide a liquid crystal compound which has a wide liquid crystal 
temperature range so that it can be applied to liquid crystal displays of various modes and which provides various An 
according to a combination of a ring structure and a substituent and is stable against moisture, air, heat and light. More 
specifically, another object is to provide a novel dihydrosilicon derivative which solves the preceding defects of con- 
ventional techniques and is excellent in compatibility with other liquid crystal materials and which has low viscosity, 
high reliability and a low threshold voltage, a liquid crystal composition comprising the same and a liquid crystal display 
using the above liquid crystal composition. 

[001 1 ] In order to achieve the objects described above, the following inventions are claimed for the grant of a patent. 
1) A silicon derivative represented by Formula (1): 




(d) 




(e) 




EP 1 160 250 A1 



R-A- 




10 



15 



20 



25 



30 



35 



40 



45 



50 



wherein A, A 1 , A 2 and A 3 each independently represent trans-1 ,4-cyclohexylene, 1 ,4-cyclohexenylene or 1 ,4-phe- 
nylene, in which one or more non-adjacent -CH 2 - in these rings may be replaced by -O- and one or more -CH= 
may be replaced by -N= and in which one or more H in the respective rings may be substituted with halogen; Z 1 , 
Z 2 and Z 3 each independently represent a single bond, -(CH 2 ) 2 -, -CH 2 0-, -OCH 2 -, -CH 2 S-,-SCH 2 - or -(CH 2 ) 4 -; ml , 
m2 and m3 each independently represent 0 or 1 ; R represents H or an alkyl group having 1 to 1 0 carbon atoms, 
and one or more -CH 2 - in the above alkyl group may be replaced by -SiH 2 -, -O-, -S-, -CH=CH- or -C=C-, but - CD- 
is not adjacent each other; R' represents an alkyl group having 1 to 10 carbon atoms, and one or more -CH 2 - in 
the above alkyl group may be replaced by -O-, -S- or -CH=CH-, but -O- is not adjacent each other; G represents 
a single bond or an alkylene group having 1 to 1 0 carbon atoms in which one or more -CH 2 - may be replaced by 
-O-, -S- or -CH=CH-, but -O- is not adjacent each other; and either one of A, A 1 , A 2 and A 3 is 2-fluoro-1 ,4-phenylene 
or 2,3-difluoro-t ,4-phenylene. 

2) A silicon derivative as described in the item 1), wherein ml is 1 , and both of m2 and m3 are 0. 

3) A silicon derivative as described in the item 1), wherein both of ml and m2 are 1 , and m3 is 0. 

4) A silicon derivative as described the item 1), wherein all of ml , m2 and m3 are 1 . 

5) A silicon derivative as described in the item 1), wherein R and R' each represent independently an alkyl group, 
an alkoxy group, an alkoxyalkyl group or an alkylthio group having 1 to 10 carbon atoms. 

6) A silicon derivative as described in the item 1), wherein R and R' each independently represent an alkyl group, 
an alkoxy group or an alkylthio group having 1 to 10 carbon atoms; ml is 1 and both of m2 and m3 are 0. 

7) A silicon derivative as described in the item 1), wherein R and R' each independently represent an alkyl group, 
an alkoxy group or an alkylthio group having 1 to 10 carbon atoms; both of ml and m2 are 1 , and m3 is 0. 

8) A silicon derivative as described in the item 1), wherein R and R' each independently represent an alkyl group, 
an alkoxy group or an alkylthio group having 1 to 1 0 carbon atoms; and all of ml , m2 and m3 are 1 . 

9) A liquid crystal composition comprising at least one silicon derivative as described in any of the items 1) to 8). 

10) A liquid crystal composition comprising at least one silicon derivative as described in any of the items 1) to 8) 
as a first component and at least one compound selected from the group of compounds represented by Formulas 
(2), (3) and (4) as a second component: 



wherein R 1 represents an alkyl group having 1 to 10 carbon atoms, in which one or more -CH 2 - in this group may 
be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one or more H in this group may 






(4) 
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be substituted with F; represents F, CI, -OCF 3 , -OCF 2 H, -CF 3 , -CF 2 H, -CFH 2 , -OCF 2 CF 2 H or -OCF 2 CFHCF 3 ; 
L 1 and L 2 each independently represent H or F; Z 4 andZ 5 each independently represent -(CH 2 ) 2 -, -(CH 2 ) 4 -, -COO-, 
-CF 2 0-, -OCF 2 -, -CH=CH- or a single bond; a ring A and a ring B each represent independently trans-1 ,4-cyclohex- 
ylene, 1 ,3-dioxane-2,5-diyl or 1 ,4-phenylene in which one or more H may be substituted with F; and a ring C 
5 represents 1 ,4-cyclohexylene or 1 ,4-phenylene in which one or more H may be substituted with F. 

1 1 ) A liquid crystal composition comprising one or more compound as described in any of the items 1 ) to 8) as the 
first component and at least one compound selected from the group of compounds represented by Formulas (5) 
and (6) as a second component: 



10 




25 wherein R 2 and R 3 each represent independently an alkyl group having 1 to 10 carbon atoms, in which one or 

more -CH 2 - in this group may be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one 
or more H in this group may be substituted with F; X 2 represents -CN or -C=C-CN; a ring D represents trans- 
1 ,4-cyclohexylene, 1 ,4-phenylene, 1,3-dioxane-2,5-diyl or pyrimidine-2,5-diyl; a ring E represents trans-1 ,4-cy- 
clohexylene, 1 ,4-phenylene in which one or more H may be substituted with F or pyrimidine-2,5-diyl; a ring F 

30 represents trans-1 ,4-cyclohexylene or 1 ,4-phenylene; Z 6 represents -(CH 2 ) 2 -, -COO-, -CF 2 0-, -OCF 2 - or a single 

bond; L 3> L 4 and L 5 each represent independently H or F; and b, c and d each independently represent 0 or 1 . 
12) A liquid crystal composition comprising at least one compound as described in any of the items 1) to 8) as the 
first component and at least one compound selected from the group of compounds represented by Formulas (7), 
(8) and (9) as a second component: 

35 
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wherein R 4 and R 5 each independently represent an alkyl group having 1 to 10 carbon atoms, in which one or 
more -CH 2 - in this group may be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one 
or more H in this group may be substituted with F; a ring G and a ring I each independently represent trans- 
1 ,4-cyclohexylene or 1 ,4-phenylene; L 6 and L 7 each independently represent H or F, but L 6 and L 7 are not H at 
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the same time; and Z 7 and Z 8 each independently represent -(CH 2 ) 2 -, -COO- or a single bond. 
1 3) A liquid crystal composition comprising at least one compound as described in any of the items 1 ) to 8) as the 
first component, at least one compound selected from the group of the compounds represented by Formulas (2), 
(3) and (4) as the second component and at least one compound selected from the group of compounds repre- 
5 sented by Formulas (1 0), (1 1 ) and (1 2) as a third component: 



R 6 —(^)-Z9-^k)- z io-R 7 (10) 



15 




20 

Re ^I) h ~KZ^^ H (5 KH ®^ R7 (12) 

25 

wherein R 6 and R 7 each independently represent an alkyl group having 1 to 10 carbon atoms, in which one or 
more -CH 2 - in this group may be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one 
or more H in this group may be substituted with F; a ring J, a ring K and a ring M each independently represent 
trans-1 ,4-cyclohexylene, pyrimidine-2,5-diyl or 1 ,4-phenylene in which one or more H may be substituted with F; 

30 and Z 9 and Z 10 each independently represent -C=C-, -COO-, -(CH 2 ) 2 -, -CH=CH- or a single bond. 

14) A liquid crystal composition comprising at least one compound as described in any of the items 1) to 8) as the 
first component, at least one compound selected from the group of the compounds represented by Formulas (5) 
and (6) as the second component and at least one compound selected from the group of the compounds repre- 
sented by Formulas (10), (11) and (12) as the third component. 

35 1 5) A liquid crystal composition comprising at least one compound as described in any of the items 1 ) to 8) as the 

first component, at least one compound selected from the group of the compounds represented by Formulas (7), 
(8) and (9) as the second component and at least one compound selected from the group of the compounds 
represented by Formulas (10), (11) and (12) as the third component. 

1 6) A liquid crystal composition comprising at least one compound as described in any of the items 1 ) to 8) as the 
40 first component, at least one compound selected from the group of the compounds represented by Formulas (2), 

(3) and (4) as the second component, at least one compound selected from the group of the compounds repre- 
sented by Formulas (5) and (6) as the third component and at least one compound selected from the group of the 
compounds represented by Formulas (10), (11) and (12) as a fourth component. 

17) A liquid crystal composition comprising at least one liquid crystal composition as described in any of the items 
45 9) to 1 6) and at least one optically active compound. 

18) A liquid crystal display comprising the liquid crystal composition as described in any of the items 9) to 17). 

[0012] The silicon derivative (1 ) of the present invention is excellent in compatibility with other liquid crystal materials 
and low in viscosity and has a low threshold voltage. Also, this is physically and chemically sufficiently stable under 
so conditions on which a liquid crystal display is usually used. Further, suitable selection of rings, substituents and bonding 
groups constituting a molecule thereof provides the derivative having desired physical values. Accordingly, use of the 
compound (1) as a component for a liquid crystal composition makes it possible to provide a novel liquid crystal com- 
position having preferred characteristics. 

[0013] The silicon derivative of the present invention is represented by Formula (1) described above. In the formula, 
55 R and R' represent a hydrogen atom or a linear or branched alkyl group having 1 to 10 carbon atoms and include, to 
be specific, linear alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl or decyl, or branched alkyl 
groups such as isopropyl, sec-butyl, tert-butyl, isopentyl, isohexyl or3-ethyloctyl. Further, a group obtained by replacing 
one or more -CH 2 - in the above alkyl group with -O-includes an alkoxy group, an alkoxyalkyl group, an alkoxyalkoxy 



6 
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group or a branched alkoxy group. Specific examples thereof include methoxy, ethoxy, propoxy, butoxy, pentoxy, hex- 
oxy, heptoxy, octyloxy, nonyloxy, methoxymethyl, methoxyethyl, rnethoxypropyl, methoxybutyl, methoxypentyl, meth- 
oxyoctyl, ethoxym ethyl, ethoxyethyl, ethoxypropyl, ethoxy hexyl, propoxymethyl, propoxyethyl, propoxypropyl, propox- 
ypentyl, butoxymethyl, butoxyethyl, butoxybutyl, pentyloxy methyl, pentyloxybutyl, hexyloxymethyl, hexyloxyethyl, hex- 
5 yloxypropyl, heptyloxymethyl, octyloxy methyl, methoxymethoxy, methoxyethoxy, ethoxym ethoxy, ethoxyethoxy, meth- 
oxypropoxy, methoxy butoxy, 2-methylpropoxy, 2-m ethyl pentoxy or 1-methylheptoxymethyl. The branched alkyl groups 
or the alkoxy groups each described above may be those showing optical activity. 

[0014] An alkenyl group or an alkadienyl group obtained by replacing one or more -CH 2 - in the above alkyl groups 
with - CH=CH- include vinyl, propenyl, butenyl, pentenyl, hexenyl, decenyl, butadienyl, hexadienyl or octadienyl. An 

io alkynyl group obtained by replacing one or more -CH 2 - in the above alkyl group with -C=C- includes ethynyl, propynyl, 
pentynyl or heptynyl. Further, a group obtained by replacing one or more -CH 2 - in the alkyl group with -CH=CH- or -O- 
includes alkoxyalkenyl groups such as methoxypropenyl, ethoxypropenyl, pentyloxypropenyl, methoxybutenyl, ethoxy- 
butenyl, pentyloxybutenyl, methoxypentenyl, propoxypentenyl, methoxyhexenyl, propoxyhexenyl, methoxyheptenyl or 
methoxyoctenyl; alkenyloxy groups such as propenyloxy, butenyloxy, pentenyloxy and octenyloxy; and alkenyloxyme- 

15 thyl groups such as propenyloxymethyl. 

[0015] The compound (1) which is constituted by the respective groups selected from those represented by R, R', 
A, A 1 to A 3 and Z 1 to Z 3 each described above is a compound having preferred characteristics, and the compound 
which does not comprise two or more rings containing a hetero atom is more preferred. Among the group of these 
compounds, the compounds having particularly preferred characteristics are compounds shown in the following (1-1) 

20 to (1-122): 



(1-1) 



(1-2) 



(1-3) 



(1-4) 



(1-5) 



(1-6) 

55 
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GSiH 2 R' 



GSiH 2 R* 



GSiH 2 R' 



GSiH 2 R' 



GSiH 2 R' 



GSiH 2 R* 



(1-16) 



d-17) 



(1-18) 



(1-19) 



(1-20) 



d-21) 



35 




GSIH2R' 



(1-22) 
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GSiH 2 R' 
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9 



EP 1 160 250 A1 



10 



15 



20 



25 



30 




R F 



GSiH 2 R' 



GSiH 2 R' 




-GSiH 2 R* 




GSiH 2 R* 



GSiH 2 R* 



GSiH 2 R' 



(1-25) 



(1-26) 



(1-27) 



(1-28) 

(1-29) 
(1-30) 
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-6SiH 2 R* 




F F 



-GSiH 2 R' 




-GSiH 2 R' 
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(1-33) 
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GSiH 2 R' 
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GSiH 2 R' 



GSiH 2 R' 



GSiH 2 R' 




(1-42) 



(1-43) 



(1-44) 



(1-45) 



(1-46) 



GSiH 2 R' 
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GSiH 2 R' 
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GSiH 2 R' 



GSiH 2 R' 



GSiH 2 R' 



(1-51) 



d-52) 



(1-53) 



(1-54) 




GSiH 2 R' 



(1-55) 




GSiH 2 R* 



(1-56) 




GSfH 2 R' 



(1-57) 



GSiH 2 R' 



(1-58) 



GSiH 2 R' 



(1-59) 
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GSiH 2 R' 
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GSiH 2 R' 
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(1-111) 



(1-112) 
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55 




(1-121) 



(1-122) 



(in the respective formulas, R, G and R' are the same as above, and F 0 to F 2 represent 1 ,4-phenylene in which H is 
not substituted with F or substituted with one or two F). 
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[0016] The compound (1) is obtained by introducing the prescribed groups into R, R', Z 1 , Z 2 and Z 3 in the above 
formula, and the groups can be introduced by publicly known and conventional organic synthetic methods. 
[0017] Introduction of a silanediyl group: this can be can be carried out by publicly known and conventional organic 
synthetic methods described in E. W. Colvin et al., Silicon in Organic Synthesis, Butterworths, London (1981); W. P. 
Werber, Silicon Reagents for Organic Synthesis, Springer-Verlag, Berlin (1983); and E. W. Colvin, Silicon Reagents 
in Organic Synthesis, Academic Press, London (1981). Several specific examples thereof shall be shown below. 



w 



15 



R _ A ^ Z 1_ A 1_L_/ Z 2_ A 2 JV/L 2 3_ A 3 \ Q . X 1 

v 'ml v 'm2 v 'm3 

(13) | Metalation Reagent 

R-A— f-Z 1 — AM fz 2 A 2 A— f-Z 3 — A 3 4- 



G-Mt 



20 



(14) 



SiX 2 4 
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R _A-fz 1 — A 1 -) fz 2 A 2 -) f-Z 3 — A 3 4-G-SiX 2 3 

v 'ml v W v 'm3 



(15) 



R'Mt' 



R-A— f-Z 1 — A 1 -4 fz 2 A 2 A f-Z 3 — A 3 A-G-SiX 2 ^-R• 

V 'ml v 'm2 v J m3 



(16) 



LAH 



-A-f-Z 1 — A 1 -) fz 2 A 2 A f-Z 3 — A 3 4-G-SiH 2 -R' 



0) 



(in the formulas, R, R\ ml, m2, m3, A, A 1 to A 3 and Z 1 to Z 3 are the same as above; Mt and Mf each independently 
represent lithium, potassium, halogenated magnesium or halogenated zinc; and X 1 and X 2 each independently repre- 
sent halogen or an alkoxy group). 
45 [0018] To explain more specifically, the compound (1 ) is synthesized, for example, according to the following proce- 
dure. 

[0019] The corresponding compound (13) is turned into an organic metal reagent represented by Formula (14) by 
halogen-metal exchange reaction by using of an elemental metal or transmetallation with various organic metal rea- 
gents, and this is reacted with tetrasubstituted si lane. Further, it is reacted with organic metal shown by R'Mt' having 
50 a group corresponding to a substituent on a silicon atom to be converted to a silicon derivative represented by Formula 
(16). The silicon compound represented by Formula (16) can be derived into the compound (1) by subjecting it to 
reduction treatment by a conventional method. 

[0020] The production process described above shall be explained in more details. 

[0021] The organic metal compounds represented by Formula (14) or R'Mt include Grignard compounds in which 
55 Mt is MgBr or MgCI, alkyllithium compounds in which Mt is Li, alkyl tin compounds, alkylpotassium reagents or alkyl- 
cadmium reagents, and they are frequently used because of the reason that they can readily accelerate the reaction. 
In particular, when the alkyl Grignard reagents or the alkyllithium reagents are used, side reactions are reduced, and 
the yields of the intended products are elevated. 
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[0022] The organic metal compounds represented by Formula (1 4) or R'Mt are synthesized directly from correspond- 
ing halides according to methods described in Fourth Edition Shinjikken kagaku koza 24 (Maruzen) and H. E. Ramsden, 
A. E. Balint, W. R. Whitford, J. J. Walburn and R. Cserr, J. Org. Chem., 22, 1202 (1957). Also, they are prepared by 
subjecting suitable alkylmetal compounds to transmetallation with desired metal compounds according to a method 
5 described in Fourth Edition Shinjikken kagaku koza 24 (Maruzen) or C. Ashby and R.C. Arnotl, J. Organomet. Chem., 
14, 1 (1968). 

[0023] The silicon compound represented by Formula (15) can be synthesized by reacting the compound (14) with 
a compound such as tetraalkoxysilane and tetrahalosilane. Trimethoxysilyl, trichlorosilyl or diethoxymethoxysilyl de- 
rivatives are preferred as the silicon compound (15) in terms of an easy advancement in the reaction. 

w [0024] Further, a silicon derivative which is the intermediate represented by Formula (1 6) is reduced to result in the 
compound (1 ) by using a suitable reducing agentsuch as lithium aluminum hydride, diisobutylaluminum hydride, sodium 
boron hydride, sodium cyanoboron hydride or diborane-THF. I n this case, when a substituent which is reduced by these 
liable to be reducing agents is contained in the same molecule, a suitable additive is used or only a -SiX 2 - group is 
reduced by controlling the reaction conditions, whereby the compound (1) can be obtained at a good yield. 

15 [0025] Further, separately from the method described above, used is a method in which terminal olefin represented 
by Formula (1 7) is subjected to dihydrosilylation with corresponding alkyldialkoxyhydrosilane or alkyldihalogenohydro- 
silane: 



R-A^Z 1 -A 1 -^Z 2 -A 2 ^Z 3 - A M G'-v (17) 

V 'ml N y m2 V m3 ^ 

(in the formula, ml , nr»2, m3, A, A 1 to A 3 and Z 1 to Z 3 are the same as those described above, and G* represents a 

25 carbon chain which is shorter by 2 carbons than G in Formula (1)). 

[0026] The silicon compound (1) of the present invention thus obtained is very excellent, as shown in examples 
described later, as a structural component of a nematic liquid crystal composition. It is excellent in compatibility with 
other liquid crystal materials and has low viscosity and a wide liquid crystal temperature range as compared with those 
of publicly known compounds with the same structure having a trialkylsilyl group. In addition, obtained is the unexpect- 

30 able effect that it has a low threshold voltage and shows relatively low viscosity as compared with those of compounds 
with the same structure containing no silanediyl group. To be further unexpected, it is physically and chemically suffi- 
ciently stable under conditions on which a liquid crystal display is usually used. 

[0027] The compound (1) can suitably be used as a component also in liquid crystal compositions for a TN mode, 
an STN mode and a TFT mode. 
35 [0028] The compound (1 ) having 2 or 3 rings shows low viscosity, and the compound having 3 or 4 rings shows a 
high isotropic phase transition temperature. 

[0029] The compound (1 ) having 2 or more cyclohexane rings in a molecule shows a high isotropic phase transition 
temperature, low An and low viscosity. Also, the compound having a dioxane ring or a pyrimidine ring shows relatively 
high Ae. 

40 [0030] The compound (1 ) having at least one benzene ring shows a relatively large value of An and high liquid crystal 
alignment parameter, and therefore it is excellent. In particular, the compound having two or more benzene rings in a 
molecule has particularly large value of An, a wide liquid crystal temperature range and high stability, so that it is useful. 
[0031] The compound (1) having F in a molecular short axis direction shows large negative value of Ae, a high 
isotropic phase transition temperature and relatively low viscosity. Among the compounds (1) having F in a molecular 

45 short axis direction, the compounds in which H on a benzene ring is substituted with F are excellent in stability and 
show large negative value of Ae, and the compounds having two or more F in a molecular short axis direction show 
particularly large negative value of Ae. Further, the compounds (1) in which R and/or R' are alkyl, alkoxy, alkoxyalkyl 
and/or alkenyloxy groups have a wide liquid crystal temperature range and low viscosity. In particular, the compounds 
in which R and/or R' are an alkoxy group show large negative value of Ae and have particularly a wide liquid crystal 

so temperature range, low viscosity and a high voltage-holding ratio. 

[0032] The compound (1 ) having a double bond in Z 1 , Z 2 and/or Z 3 has a wide liquid crystal temperature range and 
shows a large elastic constant ratio, so that it is suited as a compound for a STN mode. The compound (1) having a 
triple bond shows large value of An. It can be found from these matters that suitable selection of the rings, the side 
chains and/or the bonding groups makes it possible to obtain a novel liquid crystalline compound having desired phys- 

55 ical properties. 

[0033] The liquid crystal composition provided by the present invention may be constituted only by the first component 
comprising at least one compound represented by Formula (1 ), and preferred is the compound comprising, in addition 
thereto, at least one compound (hereinafter referred to as a second A component) selected from the group of the 
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compounds represented by Formulas (2), (3) and (4) as the second component and/or at least one compound (here- 
inafter referred to as a second B component) selected from the group of the compounds represented by Formulas (5) 
and (6). Further, the composition can contain as well at least one compound selected from the group of the compounds 
represented by Formulas (10), (11) and (12) as the third component for the purpose of controlling a threshold voltage, 
a liquid crystal temperature range, birefringence, dielectric anisotropy and viscosity. Further, since, the respective com- 
ponents used for the liquid crystal composition of the present invention have no large difference between the physical 
properties, and they may be analogues comprising isotope of the respective elements. 

[0034] In the second A component described above, capable of being given respectively are the compounds of 
formulas (2-1 ) to (2-9) as suitable examples of the compound represented by Formula (2), the compounds of formulas 
(3-1 ) to (3-97) as suitable examples of the compound represented by Formula (3) and the compounds of formulas (4-1 ) 
to (4-33) as suitable examples of the compound represented by Formula (4). 




(2-1) 



(2-2) 



(2-3) 



(2-4) 



(2-5) 



(2-6) 
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(3-18) 



(3-19) 



(3-20) 



(3-21) 



(3-22) 



(3-23) 



(3-24) 



(3-25) 



(3-26) 
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(3-46) 



(3-47) 



(3-48) 



(3-49) 



(3-50) 



(3-51) 



(3-52) 



(3-53) 



50 
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(3-89) 



(3-90) 



(3-91) 



(3-92) 



(3-93) 



(3-94) 



(3-95) 



(3-96) 



(3-97) 
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(4-10) 



(4-11) 



(4-12) 



(4-13) 



(4-14) 



(4-15) 



(4-16) 
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(4-27) 



(4-28) 



(4-29) 



(4-30) 



(4-31) 



(4-32) 



(4-33) 



(in the formulas, R., and X 1 are the same as above). 

[0035] The compounds represented by Formulas (2) to (4) show positive dielectric anisotropy and are very excellent 
in heat stability and chemical stability, so that they are used primarily for a liquid crystal composition for TFT. When 
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preparing a liquid crystal composition for TFT, an amount of the above compounds to be used falls suitably in a range 
of 1 to 99 % by weight, preferably 1 0 to 97 % by weight and more preferably 40 to 95 % by weight based on the total 
weight of the liquid crystal composition. The compounds represented by Formulas (10) to (12) may further be added 
for the purpose of controlling the viscosity. 

[0036] Next, in the second B component described above, the compounds of formulas (5-1) to (5-40) and (6-1) to 
(6-3) can be given as suitable examples of the compounds represented by Formulas (5) to (6). 

Rz "00" Xz (5 " 1) 




(5-2) 



(5-3) 



(5-4) 



(5-5) 



(5-6) 



(5-7) 



(5-8) 
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R 2 




(5-34) 



10 




(5-35) 



15 




(5-36) 



20 



25 




(5-37) 



30 




(5-38) 



35 




(5-39) 



40 




(5-40) 




(5-41) 
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(5-42) 
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(5-43) 



(5-44) 



10 



15 




(5-45) 



20 



25 



30 




(5-46) 

(5-47) 
(5-48) 



45 



SO 
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F 



R 3 



(6-2) 



R 3 




(6-3) 



(in the formulas, R 2> R 3 and X 2 are the same as above). 

[0037] The compounds represented by these Formulas (5) and (6) have positive dielectric anisotropy, and a value 
thereof is very large, so that they are used mainly for the liquid crystal compositions for STN and TN. These compounds 
are used as a component particularly for the purpose of reducing a threshold voltage of the compositions. Also, they 
are used for the purposes of controlling the viscosity and the birefringence and expanding the liquid crystal phase 
temperature range and also for the purpose of improving the steepness. When preparing the liquid crystal compositions 
for STN or TN, an amount of the compounds represented by the Formulas (5) and (6) to be used can be applied in a 
range of 0.1 to 99.9 % by weight, preferably 1 0 to 97 % by weight and more preferably 50 to 95 % by weight. The third 
component described later can be mixed for the purpose of controlling the threshold voltage, the liquid crystal phase 
temperature range, the birefringence, the dielectric anisotropy and the viscosity. 

[0038] When a liquid crystal composition having negative dielectric anisotropy which is used for a vertical aligning 
mode (VA mode) is prepared as the liquid crystal composition of the present invention, preferred is the composition 
mixed with at least one compound (hereinafter referred to as a second C component) selected from the group consisting 
of the compounds represented by Formulas (7) to (9). 

[0039] The compounds of formulas (7-1) to (7-3), (8-1) to (8-5) and (9-1) to (9-3) can be given respectively as suitable 
examples of the compounds represented by Formulas (7) to (9) in the second C component. 




(7-1) 




F v 



F 



(1-2) 






(8-1) 
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(8-2) 



(8-3) 



(8-4) 



(8-5) 



(9-1) 



(9-2) 



(9-3) 



(in the formulas, R 4 and R 5 are the same as above). 

[0040] The compounds represented by Formulas (7) to (9) are compounds having negative dielectric anisotropy. 
The compound represented by Formula (7) is a compound having two ring system and therefore is used mainly for the 
purpose of controlling the threshold voltage, the viscosity or the dielectric anisotropy. The compound represented by 
Formula (8) is used not only for the purpose of expanding the liquid crystal phase temperature range by virtue of the 
effect of elevating the clearing point but also for the purpose of reducing the threshold voltage and increasing the 
dielectric anisotropy. 

[0041] The compounds represented by Formulas (7) to (9) are used mainly for the liquid crystal composition for a 
VA mode having negative dielectric anisotropy. If the use amount thereof is allowed to grow large, the composition is 
reduced in a threshold voltage but increased in viscosity, and therefore it is preferably used in a smaller amount as 
long as a required value of the threshold voltage is satisfied. However, an absolute value of the dielectric anisotropy 
is 5 or less, and therefore the amount thereof smaller than 40 % by weight makes it impossible in a certain case to 
carry out voltage driving. An amount of the compounds represented by Formulas (7) to (9) to be used is preferably 40 
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% by weight or more, more preferably 50 to 95 % by weight when preparing the composition for a VA mode. Further, 
the compounds represented by Formulas (7) to (9) are mixed in a certain case with the liquid crystal composition having 
positive dielectric anisotropy for the purpose of controlling the elastic constant and a voltage transmission curve of the 
composition. In this case, an amount of the compounds represented by Formulas (7) to (9) to be used is preferably 30 
% by weight or less. 

[0042] Further, the third component described later can be mixed for the purpose of controlling the threshold voltage, 
the liquid crystal phase temperature range, the birefringence, the dielectric anisotropy and the viscosity. 
[0043] In the third component for the liquid crystal composition of the present invention, the compounds of formulas 
(10-1) to (10-11), (11-1) to (11-12) and (12-1) to (12-6) can be given respectively as suitable examples of the compounds 
represented by Formulas (10) to (12). 



Rt-^yQ-R, (io-i) 



*«ooL 7 <io - 2> 




(10-3) 



(10-4) 
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(11-6) 



(11-7) 



(11-8) 



(11-9) 



(11-10) 



(11-11) 



(11-12) 



(12-1) 



(12-2) 
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R 6 




R 7 



(12-3) 




R 7 



(12-4) 



R 6 




(12-5) 




R 7 



(12-6) 



(in the formulas, R 6 and R 7 are the same as above). 

[0044] The compounds represented by Formulas (1 0) to (1 2) are compounds which have a small absolute value of 
dielectric anisotropy and which are close to neutrality. The compound represented by Formula (10) is used mainly for 
the purpose of controlling the viscosity or the dielectric anisotropy. Further, the compounds represented by Formulas 
(11 ) and (12) are used for the purpose of broadening the liquid crystal phase temperature range by virtue of an effect 
for elevating the clearing point or the purpose of controlling the dielectric anisotropy. 

[0045] If an amount of the compounds represented by the Formulas (10) to (12) to be used is increased, the liquid 
crystal composition is elevated in a threshold voltage and reduced in viscosity, and therefore it is used preferably in a 
large amount as long as a required value of a threshold voltage of the liquid crystal composition is satisfied. When 
preparing the liquid crystal composition for TFT, an amount of the compounds represented by Formulas (10) to (12) 
to be used is preferably 40 % by weight or less, more preferably 35 % by weight or less. Further, when preparing the 
liquid crystal composition for STN or TN, an amount of the compounds represented by Formulas (10) to (12) to be 
used is preferably 70 % by weight or less, more preferably 60 % by weight or less. 

[0046] The liquid crystal composition provided according to the present invention preferably contains at least one of 
the liquid crystalline compounds represented by Formula (1) in a proportion of 0.1 to 99 % by weight in order to allow 
excellent characteristics to be revealed. 

[0047] The above liquid crystal composition is usually prepared by a publicly known method, for example, a method 
in which various components are dissolved at high temperatures. Further, suitable additives are added if necessary, 
whereby the liquid crystal composition is improved according to intended uses and is optimized. Such additives are 
well known by a person averagely skilled in the art and described in detail in literatures. Usually, added is a chiral 
dopant having an effect of inducing a helical structure of liquid crystal to control a required twist angle and prevent 
reverse twist. The following optically active compounds can be given as examples of the chiral dopant used in this case. 




Code: C15 



CH 3 
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Code: CB15 



Code: CM21 



Code: CM33 



Code: CM43L 



Code: CM4 5 



Code: CM4 7 



Code : CN 
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[0048] Usually, in the liquid crystal composition of the present invention, these optically active compounds are added 
to control a helical pitch. The helical pitch is preferably controlled in a range of 40 to 200 |xm in the case of the liquid 
crystal compositions for TFT and TN. In the case of the liquid crystal composition for STN, it is preferably controlled 
in a range of 6 to 20 u. m. Further, in the case of the liquid crystal composition for a bistable TN mode, it is preferably 
5 controlled in a range of 1 .5 to 4 urn Two or more kinds of the optically active compounds may be added for the purpose 
of controlling a temperature dependency of the pitch. 

[0049] The liquid crystal composition of the present invention can also be used as a liquid crystal composition for a 
GH mode by adding a dichromatic dye such as a merocyanine base, a styryl base, an azo base, an azomethine base, 
an azoxy base, a quinophthalone base, an anthraquinone base or atetrazine base. Further, the liquid crystal compo- 
10 sition of the present invention can also be used as a liquid crystal composition for a birefringence-controlling (ECB) 
mode and a DS mode as well as NCAP prepared by micro-capsulating nematic liquid crystal and a polymer dispersion 
mode liquid crystal display (PDLCD) prepared by forming a three-dimensional network polymer in the liquid crystal, 
for example, a polymer network liquid crystal display (PNLCD). 

15 EXAMPLES 

[0050] The present invention shall be explained below in more details with reference to examples. In the respective 
examples, C shows crystal; S A shows a smectic A phase; S B shows a smectic B phase; S x shows a smectic phase 
the structure of which is not yet analyzed; N shows a nematic phase; I shows an isotropic phase; and a unit of a phase 
20 transition temperature is °C in all examples. 

Example 1 

[0051] Production of 4-(trans-4-methylsilylmethylclohexyl)-2,3-difluoroethoxybenzene {compound (No. E1) of For- 
25 mula (1 ), wherein R is ethoxy; A is 2,3-difluorophenylene; Z 1 is a single bond; A 1 is trans-1 ,4-clohexylene; ml = 1 , m2 
= m3 = 0; G is methylene; and R' is methyl} 

[0052] Dissolved in toluene were 4-(2,3-difluoro-4-ethoxyphenyl)methylidenecyclohexane (23.4 mmol) and dichlo- 
ro methyls i lane (4.4 ml), and chloroplatinic acid hexahydrate (1 mg) was added thereto, followed by stirring the solution 
at a room temperature for 40 hours. Lithium aluminum hydride (1 g) was added to the reaction solution, and stirring 
30 was further continued for 2 hours. After stirring, water (50 ml) was added to the reaction solution, and a solution obtained 
by filtering undissolved matters from the resulting mixture by means of celite was extracted with heptane. The extract 
was washed with water and then dried under reduced pressure to obtain a pale yellow oil. This was refined by means 
of column chromatography into which silica gel was charged, and the resulting colorless oily matter was recrystallized 
from ethanol to obtain the captioned compound. This compound had a phase transition temperature of C 37.4 to 38.4 I. 

35 

Example 2 

[0053] Production of 2,3-difluoro-4-(4-(trans-4-(trans-4-propylcyclohexyl)cyclohexyl)methyloxyphenylethyldihy- 
drosilane {compound (No. E2) of Formula (1), wherein R is propyl; A is trans-1 ,4-cyclohexylene; Z 1 is a single bond; 
40 a 1 is trans-1 ,4-clohexylene; Z 2 is methyleneoxy; A 2 is 2,3-difluoro-1 ,4-phenylene; ml = m2 = 1 , m3 = 0; G is a single 
bond; and R' is ethyl} 

[0054] THF was added to magnesium, and dropwise added thereto was a THF solution of 2,3-difluoro-4-(trans-4- 
(trans-4-propylcyclohexyl)cyclohexyl)methyloxybromobenzene. The reaction solution was stirred at room temperature 
for 2 hours and then dropwise added to a THF solution of ethyltrimethoxysilane, followed by stirring it for further 4 

45 hours. The reaction solution was cooled to room temperature, and then lithium aluminum hydride was added little by 
little. After finishing addition, the reaction solution was further stirred for 3 hours and then put into water. This was 
extracted with toluene, and the extract was dried and then concentrated under reduced pressure to obtain a yellow 
oily matter. The resulting oily matter was isolated and refined by means of silica gel chromatography to obtained the 
captioned compound. This compound had a phase transition temperature of C 70.1 to 70.7 S B 79.0 to 79.5 N 96.3 to 

50 96.6 I. 

[0055] The following compounds (No. 1 to No. 200) were produced according to methods similar to those used in 
Examples 1 and 2. 
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R 



R F 



R' 
-CH 3 
— C 2 H 5 
-C 3 H 7 

-CH 3 
— C 2 H 5 
-C 3 H 7 

-CH 3 

-C 2 H 5 

-C 3 H 7 

— C 5 H 11 

-CH 3 
— C 2 H 5 
— C 3 H 7 

~~ C 5 H 11 

— C 3 H 7 

— C 2 H 5 
— C 3 H 7 
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No. 


R 


A 


61 


CH 3 - 


r\ 
w 


62 


HtC-,- 

' »7 W 3 


/~~\ 
w 


63 


H15C7 


W 


64 


CH3O- 


r\ 
\_/ 


65 








CH 3 OH 2 c- 


/-\ 
\J 


67 


H 

H 2 C=C— 


f\ 
w 


68 


H 3 C^ , — 


W 


69 


n 7 o 3 


AA 
W 


70 


H15C7 


O 


71 


Or^U — 


r\ 
W 


79 


ori3 


O 


73 


H 7 C 3 - 


\—/ 


74 




O 


75 




Q 


76 


H 1S C7— 


O 


77 


CH3O- 




78 


H 7 C 3 - 




79 


H 1S C 7 




80 


CH3O- 


H 



R F 



_Z1 A1 G R' 

R F 

-CH2CH2" — CH3 
-CH 2 CH2~ — ^2^5 
-CH 2 - — C3H7 

R F 



R 



-CH 2 CH 2 - -C S H U 

O " CH 2- ~ C 7 H 15 



R F 



R 



-CH2- C2H5 



^ -CH2- -C3H7 

-CH 2 CH 2 - — C3H7 

R F 



b 



-CHy — C3H7 

-CHj- — C5HH 

~A_ -C 3 H 7 

-(CH2) 3 - -OCH 3 

^ -OCH r -SC 2 H 5 

^ -SCHj,- -C=CH2 

O -CHj 



F, F 



-C 2 H 5 



o - 
o - 

O ■ _C 3 H 7 
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58 
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59 
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No. 


R 


A 


Z1 


A1 


Z2 


121 


CH 3 — 








w 1120 112 


122 


H 7 C 3 - 


J — v 

O 




O 


-CH2CH2- 


123 


H iiC 5 ~ 


O 






-CH 2 CH 2 ~ 


124 


CH 3 0- 


0 


-CH2CH2" 


O 


-CH 2 CH 2 - 


125 


H 

H 2 C=C— 


O 




/ — \ 


-CH2CH2- 


126 




r\ 
\_y 




r\ 
w 


• (j H** L* H #»*" 




u r* — 


W 




w 


-CH 2 0- 


128 


"11^5 


AA 
W 




\_y 


-OCH 2 - 


129 


L»n3tJ— 


AA 
W 


-CH2CH2- 


r\ 
w 




I ou 


H 

H 2 C=C— 






O 


-CH 2 0- 


1*31 


H7C3- 








-CH 2 0— 


1 o^. 


CH 3 - 


O 




O 


-(CH2) 4 - 


133 


/ 0 


O 




O 


-(CH2> 4 - 


134 




O 




0 


_ru c. 

v> n 2 o 


l 03 


CH3O- 


O 






-CH 2 S- 


136 


H 

r\-^> — C — 


\J 




ii 


-oUrl2- 


137 


H7C3- 


O 


-CH 2 CH 2 - 


b 




138 


^11^5* 


O 






"CH2CH2"* 


139 


H7C3' 


O 






-CH 2 0- 


140 




O 




y 


-0CH 2 - 



A2 G R_ 



YJ> " -CH 3 
F v F 



" C 2 H 5 



' C 3 H 7 
F v F 



F F 



' " C3H? 

F r 



F F 



< N * . -C 2 H 5 



F v F 



F v F 



— C3H7 
— C 5 H 11 
— C3H7 

-C 2 H 5 



\J ' "Chi, 
F v F 



F, F 



\j7 
F v F 



F 



<\ /) ~ C 2 H 5 



F v F 



C3H7 



^ // ~ C 5 H 11 
F v F 



\_J " ~ C 3 H 7 

F, F 



F F 



^ /) ~ C 2 H 5 

-C2H5 
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No. 



Z1 A1 



Z2 



A2 



Z2 



A2 



G R' 



5 


161 


H 3 C- 


\ f 


\ — / 


\_y 




162 


H7C3- 


O 


- O 


V7 


10 


163 


H11C5 — 


O 


O 


v_y 




164 


H7C3 


b 




w 


15 


165 








\_y 




166 


H 3 C- 


O 




O 


20 


167 


H7C3- 


0 


■ 0 


b 




168 


H11C5— 


§ 


• 0 


\_/ 


25 


169 


CH3O— 


O 


X 


O 

\ — / 




170 




O 


■ O 




30 


171 


H3C- 


O 

\_y 


■ C> - 


H 




172 


H7C3 






■ § 


35 


173 


Hf 1C5— 




■ O 


■ § 




174 


CH3O- 


O 


■ d> 














40 








■ H 


■ H 




176 


H 3 C- 




■ 0 


■ 0 


45 


177 


H7C3- 


0 


• 0 


• 0 




178 


H t1 C 5 — 


0 


• 0 


• 0 


50 


179 


CH3O- 


0 


• o f 


■ 6 




180 


CH 2 =CH- 


0 


0 


- b 



F F 



F, F 



F v F 



o 
o 

F 4 F 



F, F 



F v F 



F 



:»: 



- -CH 3 

- -C 2 H 5 

— C3H7 
' -C3H7 

- -CH 3 
" -C 2 H 5 
" -C3H7 

— c sHn 
— C 7 H 15 

- -CH=CH : 

- -CH 3 

- -CH 3 

- ~CH 3 

- -CH 3 

- -CH 3 

- -CH 3 

- -CH 3 

- -CH 3 
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No. 


R 


A 


Z1 


A1 


22 


A2 


Z2 


181 


H 3 C- 


V-/ 








\_y 


-C2H4- 


182 




V7 






-C2H4- 


w 




183 




b 


-C2H4- 


0 




/~\ 
w 




1ft4 










U 


-O2M4- 


185 




b 


-C2H4- 


vy 




v_/ 




186 


H 3 C- 


O 
w 




O 


-C2H4- 






187 


H 7 C 3 - 


0 

§ 




O 




§ 




188 








\ / 


-C2H4- 


r\ 




189 


CH3O- 






b 




w 


-C2H4- 


190 


H7C3- 




- 


0 


- 




-C2H4- 


1Q1 


H3C— 


w 




o> 


■CH,. 


H 




192 


HtCq- 


v_/ 


-C2H4- 


<D> 










^1 1^5 — 


w 


-CoHa- 




-C2H4- 


b 




194 


CH3O- 


0 




O 


-CH 2 0 


b 
















195 


CH 2 =CH- 


§ 


-CH 2 0- 


b 




b 






rf 3 i> — 






/=\ 




W 




197 


H7C3- 


0 




0 


-C2H4- 


O 




198 




0 




0 




O 




199 


CH3O- 


0 








6 




200 


CH 2 =CH- 


0 


-C2H4- 






b 





A2 G R' 



R F 



^ ^ - — CH 3 
R F 



R F 



VJ> - -C 3 H 7 

Q - -C 3 H 7 

O ■ " C7His 

jg> - -CH 3 
R F 



R F 



R F 



R F 



<^J> - -CH=CH 2 
R F 



^ /) ' — C 5 H 1 1 

F F 



R F 



b 
b 



-CH 



13 



R F 



^ /) ' — CH 3 
R F 



-CH 3 

O ' " CH3 

R F 

- -CH 3 

- -CH 3 
-CH 3 
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No. 



Z1 A1 



Z2 A2 



Z2 A2 



10 



15 



20 



25 



30 



35 



40 



50 



55 



201 


H 3 C— 


O 


■ O 




202 




0 




J — v 


203 


H11C5— 


O 


■ <_> 


- O 


204 


H7C3- 


F M 


/ — V 


• 0 


205 


H 11 C 5~ 


H 
%j ■ 


/ — \ 


■ 0 


206 


H 3 C— 




■ 0 


" s 


207 


H7C3- 


/ — V 

8 




• 0 


208 


HiiC 5 — 




/ — \ 


/ — V 

■ O 


209 


CH3O- 


W 


■ 0 


r\ 
w 


210 


H7C3- 




■ O 




211 


H 3 C- 


/ \ 

O 


/=N 


/=\ 

• Q 


212 


H7C3- 


O 


" O 




213 


H 11 C S~ 


/ \ 


/=\ 

q 




214 


CH3O— 


O 


• ii 


' 8 

ii 








M F 


215 


CH 2 =CH- 


8 


• O 


• O 


216 


H 3 C- 


0 


• O 


• O 


217 


H 7 C 3 - 


0 


■ O 


• O 


218 




0 


• O 


• O 


219 


CH3O- 


0 






220 


CH 2 =CH- 


0 







F. F 



-C2H4- 

F. F 



O 

O "° 2H4 ' 

H -CH r 
-CH 2 - 

-C2H4- 

<s> ■ C2H *- 
^ -C2H4- 

<ft -CHr 
£j> <5zH4 ' 



-CH 2 - 



O " CHr 



R' 
-CH 3 
— C 2 H S 
~C 3 H 7 
-C 3 H 7 

~ C 7Hl5 

-CH 3 
-C 2 H 5 
— C 3 H 7 

— c sHii 
~~ ^Hts 
-CH=CH 2 

-CH 3 
-CH 3 
-CH 3 
-CH 3 
-CH 3 
-CH 3 

-CH 3 
-CH 3 
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No. R A_ 

221 C 3 H 7 - O 

222 H 7 C 3 - O 



223 C 2 H 5 0- \J 

F> F 

224 C 2 H s O- 

225 C 2 H s O- Vx /; 



F. F 



226 H 3 CO- \J 
F. F 



227 C 2 H s O- 

F v F 



228 C 3 H 7 0- \J> 

229 C 2 H 5 0- Q 

F F 



Z1 


A1 


Z2 


A2 


G 


R' 


















-CH20- 
-CH20- 


b F 
H 




— CH, 

C2H5 




O 






-CH2- 






w 










■OCH2- 


O 

\ — f 






-CH2- 


C3H7 


•OCH2- 


\_/ 






-CH2- 


— ChU 


■OCH2- 


O 




0 


-CH2- 


—C 2 H 5 


•OCH2- 


O 




0 


-CH2- 


— C3H7 




O 




0 


-CH2- 






0 




0 


-CH2- 


— C3H7 



230 C 2 H s O- \J 

[0056] Examples in which the compounds of the present invention are used as components for the liquid crystal 
compositions shall be shown below. In the respective use examples, Nl shows a nematic phase-isotropic phase tran- 
sition temperature (°C) ; Ae shows dielectric anisotropy; An shows birefringence; t\ shows viscosity (mPa-s) at 20°C; 
and V10 shows a threshold voltage (V). The compounds used in the respective use examples shall be represented by 
codes shown in Table 1 . 
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Table 1 



R-<At)-Zi 



1 ) Left terminal group R- 



Symbol 



Zn-(An)-X 

3) Bonding group -Z1- -Zn- Symbol 



C n H 2n+l OC m H 2m 

CH 2 =CH — 
CH2 = CHC n H25 
C n H2n+iCH-CHC m H25 
CF 2 =CH — 
CF2"™CHC n H2ii 

C n H2n+lSiH2C m H2in 



n — 
nO— 
nOm — 
V — 
vn — 
nVm — 
VFF — 
VFFn — 
nSim — 



— c 2 h 4 — 

C 4 H 8 

CH 2 0 

COO 

— C=C — 
— CH=CH — 

CF z O — 

OCF 2 



2 
4 
10 
E 

T 
V 

CF20 
OCF2 



2) Ring structure -(A1>-\ -(An)- Symbol 



-o- 

F v F 



NC CN 



o 

-rV 

<°>- 



B 

B(F) 

B(2F) 

B(2F.3F) 

B(2CN,3CN) 

B(F,F) 

H 

Py 

G 
Ch 



4) Right terminal group -X Symbol 



— F — F 

-Q — CL 

— CN — C 

-CF 3 -CF3 

-OCF 3 -OCF3 

-OCF 2 H — OCF2H 

~ C n H 2n+l — n 

-ocjh^ -on 

-COOCH3 — EMe 

-C n H 2n CH=CH 2 -n V 

— c ra H 2ra CH=CHC nH^+i — mvn 

-C m H 2m CH=CHC n H 2n F -mvnF 

-CH=CF 2 -VFF 

-C n H to CH=CF 2 -nVFF 

SiH 2 C n H2n +1 _sin 



5) Example of expression 



Example 1; 3Si1-H10B(2F,3F)-02 

C 3 H 7 SiH 2 CH 2 -^^CH 2 0 ^"y-OCjHj 

Example 2; 3-HB(F)TB~2 

F 



Example 3; 1 V2-BEB(F,F)-C 

F 

CH 3 CH=CHCH 2 CH 2 -^^-COO -^~^-CN 

F 



C 3 H 7 



C 7 H 



2 n 5 
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[0057] Use Example 1 



[0058] Use Example 2 



20 



3-HH10B (2F, 3F) -Si2 


14. 0% 


3-HEB-04 


28. 0% 


4-HEB-02 


20. 0% 


5-HEB-01 


20. 0% 


3-HEB-02 


18. 0% 


N I = 77. 0 (°C) 




T| =25. 1 (mPa • s) 




An =0. 089 






3-HB10B (2F, 3F) -Si 2 


6. 0% 


3-HH-2 


5. 0% 


3-HH-01 


4. 0% 


3-HH-03 


5. 0% 


5-HH-01 


4. 0% 


3-HB (2F, 3F) -02 


12. 0% 


5-HB (2F, 3F) -02 


11. 0% 


3-HHB (2F.3F) -02 


14. 0% 


5-HHB(2F,3F) -02 


15. 0% 


3-HHB(2F,3F) -2 


24. 0% 


N I =86. 0 (°C) 




An =0. 087 




Ae =-4. 3 





30 

[0059] Use Example 3 



3-HB (2F, 3F) 10B (2F, 3F) -Si2 


5. 0% 


3-HH-5 


5. 0% 


3-HH-01 


6. 0% 


3-HH-03 


6. 0% 


3-HB-01 


5. 0% 


3-HB-02 


5. 0% 


3-HB (2F, 3F) -02 


10. 0% 


5-HB (2F, 3F) -02 


10. 0% 


3-HHB (2F, 3 F) -02 


12. 0% 


5-HHB (2F, 3 F) -02 


13. 0% 


3-HHB (2F, 3 F) -2 


4. 0% 


2-HHB (2F, 3F) -1 


4. 0% 


3-HHEH-3 


5. 0% 


3-HHEH-5 


5. 0% 


4-HHEH-3 


5. 0% 


N I = 85. 2 (°C) 




An =0. 082 




Ae =-3. 6 





[0060] Use Example 4 



1SI1-HB(2F, 3F) -02 


1 0. 0% 


3Si 1-HB(2F,3F) -02 


1 0. 0% 
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(continued) 



"ISM-MOB (2F, 3F) -02 


8. 0% 


3SM-H10B (2F, 3F) -02 


8. 0% 


3-BB (2F, 3F) -02 


12. 0% 


2-BB (2F, 3F) B-3 


25. 0% 


3-BB (2F, 3F) B-5 


13. 0% 


5-BB (2F, 3F) B-5 


14. 0% 


Nl = 69. 3 (°C) 




An =0. 158 




Ae=-3. 2 





[0061] Use Example 5 

15 



30 



1Si1-HH10B(2F,3F) -02 


15. 


0% 


3Si1-HH10B (2F.3F) -02 


6. 


0% 


3-HEB (2F, 3F) -02 


9. 


0% 


4-HEB (2F, 3F) -02 


9. 


0% 


5-HEB (2F, 3F) -02 


9. 


0% 


2-BB2B-02 


6. 


0% 


3-BB2B-02 


6. 


0% 


5-BB2B-01 


6. 


0% 


5-BB2B-02 


6. 


0% 


1-B2BB(2F) -5 


7. 


0% 


3-B2BB (2F) -5 


7. 


0% 


5-B (F) BB-02 


7. 


0% 


3-BB (2F, 3F) B-3 


7. 


0% 


Nl = 68. 7(°C) 






t\ =33. 1 (mPa - s) 






An =0. 158 







[0062] Use Example 6 



3-HH10B(2F,3F)-Si2 


4. 0% 


3-HB10B(2F, 3F)-Si2 


4. 0% 


5-HH-01 


4. 0% 


3-HH-2 


5. 0% 


3-HB(2F, 3F)-02 


16. 0% 


5-HB(2F, 3F) -02 


21. 0% 


2-HHB(2F, 3F) -1 


5. 0% 


3-HHB (2F, 3F) -1 


7. 0% 


3-HHB (2F, 3F) -02 


14. 0% 


5-HHB (2F, 3F) -02 


20. 0% 


Nl = 65. 2 (°C) 




ti =30. 2 (mPa • s) 




An =0. 083 




Ae =-4. 5 





[0063] Use Example 7 



3-HB (2F, 3F) 1 0B (2F, 3F) -Si2 


6. 0% 


3-HB-OI 


15.0% 


3-HH-4 


5. 0% 
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(continued) 



o-Hd (2r, 3r) -02 


12. 0% 


5-HB (2F, 3F) -02 


12. 0% 


2-HHB(2F,3F) -1 


12. 0% 


3-HHB (2F, 3F) -1 


12. 0% 


3-HHB(2F, 3F) -02 


13. 0% 


5-HHB (2F, 3F) -02 


13. 0% 


Nl = 79. 9 (°C) 




T| =38. 7 (mPa • s) 




An =0. 091 




Ae =-4. 0 





15 [0064] Use Example 8 



1Si1-HB(2F, 3F) -02 


5. 0% 


3SM-HB (2F, 3F) -02 


10. 0% 


3-HB10B (2F, 3F) -Si2 


5. 0% 


3-HB (2F, 3F) -02 


12. 0% 


5-HB (2F, 3F) -02 


12. 0% 


2-HHB (2F, 3F) -1 


12. 0% 


3-HHB (2F, 3F) -1 


12. 0% 


3-HHB (2F, 3F) -02 


13. 0% 


5-HHB (2F, 3F) -02 


13. 0% 


6-HEB (2F, 3F) -02 


6.0% 


Nl = 73. 8(°C) 




T| =44. 8 (mPa - s) 




An =0. 083 




Ae =-4. 9 





[0065] Use Example 9 



3-HB (2F, 3F) 10B (2F, 3F) -Si2 


12. 0% 


3-HB-02 


20. 0% 


101-HH-3 


6. 0% 


101-HH-5 


5. 0% 


4-HEB-01 


9. 0% 


4-HEB-02 


7. 0% 


5-HEB-01 


8. 0% 


3-HHB-1 


6. 0% 


3-HHB-3 


6. 0% 


4-HEB (2CN, 3CN) -04 


3. 0% 


6-HEB (2CN, 3CN) -04 


3. 0% 


3-HEB (2CN P 3CN) -05 


4. 0% 


4-HEB (2CN, 3CN) -05 


3. 0% 


5-HEB (2CN, 3CN) -05 


2. 0% 


2-HBEB(2CN,3CN) -02 


2. 0% 


4-HBEB (2CN, 3CN) -04 


4. 0% 


Nl = 60. 5 (°C) 




*n =45. 0 (mPa • s) 




An =0. 076 




Ae=-6.2 




Vth = 1 . 48 (V) 
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[0066] Use Example 1 0 



15 



3-HH10B (2F.3F) -Si2 


3. 


0% 


1Si1-HH10B (2F, 3F) -02 


4. 


0% 


3Si1-HH10B (2F, 3F) -02 


7. 


0% 


1V2-BEB(F, F) -C 


5. 


0% 


3-HB-C 


20. 


0% 


V2-HB-C 


6. 


0% 


1-BTB-3 


5. 


0% 


2-BTB-1 


10. 


0% 


3-HHB-1 


11. 


0% 


3-HHB-3 


3. 


0% 


3-H2BTB-2 


4. 


0% 


3-H2BTB-3 


4. 


0% 


3-H2BTB-4 


4. 


0% 


3-HB (F) TB-2 


6. 


0% 


3-HB (F) TB-3 


5. 


0% 


3-HHB-C 


3. 


0% 


Nl =93. 6 (°C) 






ti =25. 1 (mPa - s) 






An =0. 168 






Ae=6. 4 






Vth = 2. 19 (V) 







[0067] When adding 0.8 part of CM33 to 100 parts of the composition described above, the pitch was 11 .4 |a,m. 
[0068] Use Example 11 



40 



3SM-HH10B (2F, 3F) -02 


5. 0% 


3-HBIOB (2F, 3F) -Si2 


5. 0% 


3-HB (2F, 3F) 10B (2F, 3F) -Si2 


3. 0% 


2-BEB (F) -C 


5. 0% 


3-BEB (F) -C 


4. 0% 


4-BEB (F) -C 


12.0% 


1V2-BEB(F, F) -C 


16. 0% 


3-HHB-F 


3. 0% 


3-HHB-1 


8. 0% 


3-HHB-OI 


4. 0% 


3-HBEB-F 


4. 0% 


3-HHEB-F 


7. 0% 


5-HHEB-F 


7. 0% 


3-H2BTB-2 


4. 0% 


3-H2BTB-3 


4. 0% 


3-H2BTB-4 


4. 0% 


3-HB (F) TB-2 


5. 0% 


Nl = 94. 2 (°C) 




T| =50. 0 (mPa • s) 




An =0. 150 




Ae =27. 4 




Vth=1.06 (V) 
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[0069] Use Example 12 
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10 



15 



20 



1SM-HB (2F, 3F) -02 


5. 


0% 


3SM-HB (2F, 3F) -02 


5. 


0% 


3SM-H10B (2F, 3F) -02 


5. 


0% 


2-HB-C 


5. 


0% 


3-HB-C 


12. 


0% 


2-BTB-1 


3. 


0% 


3-HHB-1 


8. 


0% 


3-HHB-F 


4. 


0% 


3-HHB-01 


5. 


0% 


3-HHB-3 


14. 


0% 


3-HHEB-F 


4. 


0% 


5-HHEB-F 


4. 


0% 


2-HHB (F) -F 


7. 


0% 


3-HHB (F) -F 


7. 


0% 


5-HHB (F) -F 


7. 


0% 


3-HHB (F, F) -F 


5. 


0% 


Nl = 93. 7 (°C) 






y\ =24. 4 (mPa ■ s) 






An =0. 098 






Ae =3. 5 






Vth=2. 93 (V) 







[0070] Use Example 1 3 



30 



1Si1-H10B(2F,3F) 02 


8. 


0% 


V2-HB-C 


12. 


0% 


1V2-HB-C 


12. 


0% 


3-HB-C 


24. 


0% 


3-HB (F) -C 


5. 


0% 


2-BTB-1 


2. 


0% 


3-HH-VFF 


6. 


0% 


2-HHB-C 


3. 


0% 


3-HHB-C 


6. 


0% 


3-HB(F) TB-2 


8. 


0% 


3-H2BTB-2 


5. 


0% 


3-H2BTB-3 


5. 


0% 


3-H2BTB-4 


4. 


0% 


Nl =80. 1 (°C) 






ti = 21 . 4 (mPa • s) 






An =0. 156 






A£=8. 3 






Vth=2. 05 (V) 







[0071] Use Example 14 



3-HH10B(2F, 3F) -Si 2 


4. 0% 


1V2-BEB(F, F) -C 


6. 0% 


3-HB-C 


18. 0% 


2-BTB-1 


1 0. 0% 


5-HH-VFF 


30. 0% 


1 -BHH-VFF 


8. 0% 
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(continued) 



10 



1 -BHH-2VFF 


11. 0% 


3-H2BTB-2 


5. 0% 


3-H2BTB-3 


4. 0% 


3-H2BTB-4 


4. 0% 


Nl = 78. 3(°C) 




r\ as 13. 3 (mPa • s) 




An =0. 128 




As =6. 2 




Vth = 2. 12 (V) 





[0072] Use Example 15 

15 



20 



25 



3-HB10B(2F, 3F) -Si2 


4. 0% 


5-HBCF20B (F, F) -C 


3. 0% 


3-HB (F, F) CF20B (F, F) -C 


3. 0% 


3-HB-C 


18. 0% 


2-BTB-1 


10. 0% 


5-HH-VFF 


30. 0% 


1-BHH-VFF 


8. 0% 


1-BHH-2VFF 


11.0% 


3-H2BTB-2 


5. 0% 


3-H2BTB-3 


4. 0% 


3-H2BTB-4 


4. 0% 


Nl = 79. 9 (°C) 




7i =13. 4 (mPa • s) 




An =0. 129 




Ae=4. 2 




Vth=2. 64 (V) 





[0073] Use Example 1 6 



1SM-H10B (2F, 3F) -02 


6. 0% 


3SM-H10B (2F, 3F) -02 


6. 0% 


5-HB-CL 


16. 0% 


3-HH-5 


4. 0% 


3-HHB-F 


4. 0% 


3-HHB-CL 


3. 0% 


4-HHB-CL 


4. 0% 


3-HHB (F) -F 


10. 0% 


4-HHB (F) -F 


9. 0% 


5-HHB (F) -F 


9. 0% 


7-HHB (F) -F 


8. 0% 


5-HBB (F) -F 


4. 0% 


5-HBBH-101 


3. 0% 


3-HHB (F, F) -F 


2. 0% 


4-HHB (F, F) -F 


3. 0% 


5-HHB (F, F) -F 


3. 0% 


3-HH2BB (F, F) -F 


3. 0% 


4-HH2BB (F, F) -F 


3. 0% 


Nl =104. 2 (°C) 




ti =25. 4 (mPa • s) 
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(continued) 



[0074] Use Example 1 7 

10 
15 
20 
25 
30 

35 [0075] Use Example 1 8 

40 
45 
50 



An =0. 094 




A£=3. 0 




Vth = 2. 94 (V) 





3-HHIOB (2F, 3F) -SI2 


5. 


0% 


3-HBIOB (2F, 3F)-Si2 


5. 


0% 


5-HB-F 


12. 


0% 


6-HB-F 


9. 


0% 


7-HB-F 


7. 


0% 


2-HHB-OCF3 


7. 


0% 


o-nnt5-UUrJ 


-7 
/. 


r\o/ 


4-HHB-OCF3 


7. 


0% 


5-HHB-OCF3 


5. 


0% 


3-HH2B-OCF3 


4. 


0% 


5-HH2B-OCF3 


4. 


0% 


3-HHB (F, F)-OCF3 


5. 


0% 


5-HBB (F)-F 


10. 


0% 


3-HH2B(F) -F 


3. 


0% 


3-HB(F) BH-3 


3. 


0% 


5-HBBH-3 


3. 


0% 


3-HHB (F, F) -OCF2H 


4. 


0% 


Nl = 84. 4 (°C) 






r\ =18. 4 (mPa • s) 






An =0. 089 






Ae =3. 1 






Vth = 2. 96 (V) 







3Si1-HH10B(2F, 3F) -02 


5. 0% 


3-HB (2F, 3F) 10B (2F, 3F) -Si2 


5. 0% 


7-HB (F) -F 


5. 0% 


5-H2B (F) -F 


5. 0% 


3-HB-02 


10. 0% 


3-HH-4 


5.0% 


2-HHB (F) -F 


1 0. 0% 


5-HHB (F) -F 


10. 0% 


3-H2HB(F) -F 


5. 0% 


2-HBB (F) -F 


3. 0% 


3-HBB (F) -F 


3. 0% 


5-HBB (F) -F 


6. 0% 


2-H2BB (F) -F 


5. 0% 


3-H2BB (F) -F 


6. 0% 


3-HHB-1 


8. 0% 


3-HHB-01 


5. 0% 


3-HHB-3 


4. 0% 


Nl = 84. 7(°C) 




T| =22. 6 (mPa • s) 




An =0. 094 
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(continued) 



Ae=1. 9 




Vth=3. 68 (V) 





5 

[0076] When adding 0.3 part of CN to 100 parts of the composition described above, the pitch was 75.7 urn. 
[0077J Use Example 1 9 



1SM-HH10B (2F, 3F) -02 


5. 


0% 


3bl1-HmOB (2F, 3F) -02 


5. 


0% 


/-Hb (r, r) -F 


5. 


0% 


3-H2HB (F, F) -F 


12. 


0% 


4-H2HB (F, F) -F 


6. 


0% 


4-HHB (F, F) -F 


5. 


0% 


3-HBB (F, F) -F 


10. 


0% 


3-HHEB (F, F) -F 


10. 


0% 


4-HHEB (F, F) -F 


3. 


0% 


5-HHEB (F, F) -F 


3. 


0% 


2-HBEB (F, F) -F 


3. 


0% 


3-HBEB (F, F) -F 


5. 


0% 


5-HBEB (F, F) -F 


3. 


0% 


3-HGB (F, F) -F 


15. 


0% 


3-HBCF20B-OCF3 


4. 


0% 


3-HHBB (F, F) -F 


6. 


0% 


Nl =76.5 (°C) 






t» =37. 1 (mPa- s) 






An =0. 084 






A€=11. 4 






Vth=1. 51 (V) 







[0078] When adding 0.25 part of CM43L to 100 parts of the composition described above, the pitch was 62.2 \irr\. 
[0079] Use Example 20 



1SM-HB (2F, 3F)-02 


11.0% 


3SM-HB (2F.3F) -02 


12. 0% 


7-HB (F) -F 


7. 0% 


5-HB-CL 


3. 0% 


3-HH-4 


9. 0% 


3-HHEB (F, F) -F 


10. 0% 


4-HHEB (F, F) -F 


5. 0% 


3-HHEB-F 


8. 0% 


5-HHEB-F 


8. 0% 


4-HGB (F, F) -F 


5. 0% 


5-HGB (F, F) -F 


6. 0% 


2-H2GB (F, F) -F 


4. 0% 


3-H2GB (F, F) -F 


5. 0% 


5-GHB (F, F) -F 


7. 0% 


N I = 57. 0 (°C) 




ti = 22. 6 (mPa ■ s) 




An =0. 063 




Ae =4. 1 




Vth=2. 52 (V) 
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[0080] Use Example 21 



1SM-H10B (2F, 3F) -02 


5. 0% 


3-HB (F t F) CF20B (F, F) -F 


15. 0% 


3-BB (F, F) CF20B (F, F) -F 


15. 0% 


3-HBB (F, F) -F 


15. 0% 


5-HBB (F, F) -F 


12. 0% 


3-HHB (F, F) -F 


8. 0% 


3-HHB-1 


8. 0% 


3-HHB-3 


11. 0% 


2-HHBB (F, F) -F 


3. 0% 


3-HHBB (F, F) -F 


5. 0% 


5-HHBB (F, F) -F 


3. 0% 


Nl = 77. 8 (°C) 




T| = 28. 7 (mPa • s) 




An =0. 108 




Ae =9. 2 




Vth=1.51 (V) 





[0081] Use Example 22 



1SM-HB (2F, 3F) -02 


6. 0% 


3SM-HB (2F, 3F) -02 


6. 0% 


1SM-HHB(2F, 3F) -02 


6. 0% 


3Si1-HHB(2F, 3F) -02 


7. 0% 


3-HB-01 


15. 0% 


3-HH-4 


5. 0% 


3-HB (2F, 3F) -02 


12. 0% 


2-HHB (2F, 3F) -1 


12. 0% 


3-HHB (2F, 3F) -1 


12. 0% 


3-HHB (2F, 3F) -02 


13. 0% 


3-HHB-1 


6. 0% 


Nl = 69. 6(°C) 




t| =36. 5 (mPa • s) 




An =0. 089 




Ae =-3. 4 





[0082] Use Example 23 



1Si1-HHB(2F,3F) -02 


6. 0% 


3SI1-HHB(2F, 3F) -02 


6. 0% 


1SI1-HH10B (2F, 3F) -02 


6. 0% 


3SI1-HH10B (2F, 3F) -02 


7. 0% 


3-HB-01 


15. 0% 


3-HH-4 


5. 0% 


3-HB (2F, 3F) -02 


12.0% 


5-HB(2F, 3F) -02 


12. 0% 


3-HHB (2F, 3F) -1 


12. 0% 


3-HHB (2F, 3F) -02 


13. 0% 


6-HEB (2F, 3F) -02 


6. 0% 


Nl =65. 1 (°C) 




ti =39. 1 (mPa • s) 
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(continued) 


An =0. 085 




As =-4. 0 





INDUSTRIAL APPLICABILITY 

[0083] As explained above, a novel liquid crystal composition having desired physical properties can be provided by 
suitably selecting a ring, a substituent and a bonding group which are structural elements of the compound of the 
present invention. It can be found that all of the compositions given in the use examples have a low threshold voltage 
and are excellent in compatibility and that they are improved in viscosity to a large extent as compared with compounds 
which have so far been known. Accordingly, when using the compound of the present invention for a component of a 
liquid crystal composition, a liquid crystal composition which has the characteristics described above and is suited to 
practical use can be obtained. Further, to be characteristic, a liquid crystal composition which is suited to an IPS mode 
and a VA mode and which has negative dielectric anisotropy can be obtained. 



Claims 

1 . A silicon derivative represented by Formula (1): 

R-A — (-Z 1 — A 1 -) (-Z 2 — A 2 ^ (-Z 3 -A 3 -} G SiH 2 R' (1 ) 

wherein A, A 1 , A 2 and A 3 each independently represent trans-1 ,4-cyclohexylene, 1 ,4-cyclohexenylene or 1 ,4-phe- 
nylene, in which one or more non-adjacent -CH 2 - in these rings may be replaced by -O- and one or more -CH= 
may be replaced by -N= and in which one or more H in the respective rings may be substituted with halogen; Z 1 , 
Z 2 and Z 3 each independently represent a single bond, -(CH 2 ) 2 -, -CH 2 0- T -OCH 2 -, -CH 2 S-, - SCH 2 - or -(CH 2 ) 4 -; 
ml, m2 and m3 each independently represent 0 or 1; R represents H or an alkyl group having 1 to 10 carbon 
atoms, and one or more -CH2- in the above alkyl group may be replaced by -SiH 2 -, -O-, -S-, -CH=CH- or -C=C-, 
but - O- is not adjacent each other; R' represents an alkyl group having 1 to 10 carbon atoms, and one or more 
-CH2- in the above alkyl group may be replaced by -O-, -S- or -CH=CH-, but -O- is not adjacent each other; G 
represents a single bond or an alkylene group having 1 to 1 0 carbon atoms in which one or more -CH 2 - may be 
replaced by -O-, -S- or -CH=CH-, but -O- is not adjacent each other; and either one of A, A 1 , A 2 and A 3 is 2-fluoro- 
1 ,4-phenylene or 2,3-difluoro-1 ,4-phenylene. 

2. A silicon derivative as described in claim 1 , wherein ml is 1 , and both of m2 and m3 are 0. 

3. A silicon derivative as described in claim 1 , wherein both of ml and m2 are 1 , and m3 is 0. 

4. A silicon derivative as described in claim 1 , wherein ali of ml , m2 and m3 are 1 . 

5. A silicon derivative as described in claim 1 , wherein R and R' each independently represent an alkyl group, an 
alkoxy group, an alkoxyalkyl group or an alkylthio group having 1 to 10 carbon atoms. 

6. A silicon derivative as described in claim 1 , wherein R and R' each independently represent an alkyl group, an 
alkoxy group or an alkylthio group having 1 to 1 0 carbon atoms; ml is 1 and both of m2 and m3 are 0. 

7. A silicon derivative as described in claim 1 , wherein R and R' each represent independently an alkyl group having 
1 to 1 0 carbon atoms, an alkoxy group or an alkylthio group; both of ml and m2 are 1 , and m3 is 0. 

8. A silicon derivative as described in claim 1 , wherein R and R 1 each independently represent an alkyl group, an 
alkoxy group or an alkylthio group having 1 to 1 0 carbon atoms; all of ml , m2 and m3 are 1 . 

9. A liquid crystal composition comprising at least one silicon derivative as described in any of claims 1 to 8. 
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10. A liquid crystal composition comprising at least one silicon derivative as described in any of claims 1 to 8 as a first 
component and at least one compound selected from the group of compounds represented by Formulas (2), (3) 
and (4) as a second component: 



>1 

Ri -<TH5>-Z4<C>-2 5 -<^X 1 



(2) 



(3) 



(4) 



wherein R 1 represents an alkyl group having 1 to 10 carbon atoms, in which one or more -CH 2 - in this group may 
30 be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one or more H in this group may 

be substituted with F; represents F, CI, -OCF 3 , -OCF 2 H, -CF 3 , -CF 2 H, -CFH 2 , -OCF 2 CF 2 H or -OCF 2 CFHCF 3 ; 
L 1 and L 2 each independently represent H or F; Z 4 and 2 5 each independently represent -(CH 2 ) 2 -, -(CH 2 ) 4 -, -COO-, 
-CF 2 0-, -OCF 2 -, -CH=CH- or a single bond; a ring A and a ring B each independently represent trans-1 ,4-cyclohex- 
ylene, 1 ,3-dioxane-2,5-diyl or 1 ,4-phenylene in which one or more H may be substituted with F; and a ring C 
35 represents 1 ,4-cyclohexylene or 1 ,4-phenylene in which one or more H may be substituted with F. 

11. A liquid crystal composition comprising one or more compound as described in any of claims 1 to 8 as the first 
component and at least one compound selected from the group of compounds represented by Formulas (5) and 
(6) as a second component: 

40 

L4 



wherein R 2 and R 3 each represent independently an alkyl group having 1 to 10 carbon atoms, in which one or 
more -CH 2 - in this group may be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one 
or more H in this group may be substituted with F; X 2 represents -CN or -C=C-CN; a ring D represents trans- 
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1 ,4-cyclohexylene, 1,4-phenylene, 1 ,3-dioxane-2,5-diyl or pyrimidine-2,5-diyl; a ring E represents trans-1 ,4-cy- 
clohexylene, 1 ,4-phenylene in which one or more H may be substituted with F or pyrimidine-2,5-diyl; a ring F 
represents trans-1 ,4-cyclohexylene or 1 ,4-phenylene; Z 6 represents -(CH 2 ) 2 -, -COO-, -CF 2 0-, -OCF 2 - or a single 
bond; L 3 , L 4 and L 5 each independently represent H or F; and b, c and d each represent independently 0 or 1 . 

12. A liquid crystal composition comprising at least one compound as described in any of claims 1 to 8 as the first 
component and at least one compound selected from the group of compounds represented by Formulas (7), (8) 
and (9) as a second component: 



wherein R 4 and R 5 each independently represent an alkyl group having 1 to 10 carbon atoms, in which one or 
more -CH 2 - in this group may be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one 
or more H in this group may be substituted with F; a ring G and a ring I each independently represent trans- 
1 ,4-cyclohexylene or 1,4-phenylene; Lg and L 7 each independently represent H or F, but L 6 and L 7 are not H at 
the same time; and Z 7 and Z 8 each represent independently -(CH 2 ) 2 -, -COO- or a single bond. 

13. A liquid crystal composition comprising at least one compound as described in any of claims 1 to 8 as the first 
component, at least one compound selected from the group of the compounds represented by Formulas (2), (3) 
and (4) as the second component and at least one compound selected from the group of compounds represented 
by Formulas (10), (11) and (12) as a third component: 




(7) 




(8) 




U L 6 L r L 7 




(10) 




(11) 




(12) 
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wherein R 6 and R 7 each independently represent an alky) group having 1 to 10 carbon atoms, in which one or 
more -CH 2 - in this group may be replaced by -O- or -CH=CH-, but -O- is not adjacent each other and in which one 
or more H in this group may be substituted with F; a ring J, a ring K and a ring M each independently represent 
trans-1 ,4-cyclohexylene, pyrimidine-2,5-diyl or 1 ,4-phenylene in which one or more H may be substituted with F; 
and Zg and Z 10 each independently represent -C=C-, -COO-, -(CH 2 ) 2 -, -CH=CH- or a single bond. 

14. A liquid crystal composition comprising at least one compound as described in any of claims 1 to 8 as the first 
component, at least one compound selected from the group of the compounds represented by Formulas (5) and 
(6) as the second component and at least one compound selected from the group of the compounds represented 
by Formulas (10), (11) and (12) as the third component. 

15. A liquid crystal composition comprising at least one compound as described in any of claims 1 to 8 as the first 
component, at least one compound selected from the group of the compounds represented by Formulas (7), (8) 
and (9) as the second component and at least one compound selected from the group of the compounds repre- 
sented by Formulas (10), (11) and (12) as the third component. 

16. A liquid crystal composition comprising at least one compound as described in any of claims 1 to 8 as the first 
component, at least one compound selected from the group of the compounds represented by Formulas (2), (3) 
and (4) as the second component, at least one compound selected from the group of the compounds represented 
by Formulas (5) and (6) as the third component and at least one compound selected from the group of the com- 
pounds represented by Formulas (10), (11) and (12) as a fourth component. 

17. A liquid crystal composition comprising at least one liquid crystal composition as described in any of claims 9 to 
1 6 and at least one optically active compound. 

18. A liquid crystal display comprising the liquid crystal composition as described in any of claims 9 to 17. 



79 



EP 1 160 250 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 11 2827 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate. 
ot relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (InLC 1.7) 



EP 0 872 484 A (CHISSO CORP) 

21 October 1998 (1998-10-21) 

* compound no. 71 * 

* composition example 12 * 

* claims * 

EP 0 602 596 A (H0ECHST AG) 

22 June 1994 (1994-06-22) 

* claim 14 * 



1,4,5, 
8-13,18 



C07F7/08 
C09K19/40 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



C07F 

C09K 



The present search report has been drawn up for all claims 



Place ol s*air#i 

THE HA6UE 



Onto of ccmpleliofi d lha saarch 

11 September 2001 



Puetz, C 



CATEGORY OF CITED DOCUMENTS 



X : particularly reievanl if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non- written disclosure 
r : 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after i he filing date 
D : document cited in the application 
L : document ciled for other reasons 

& : member ot (he same patent family, corresponding 
document 



80 



EP 1 160 250 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 11 2827 



This annex lists the patent ramity members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDPfile on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

11-09-2001 



Patent document 


Publication 


Patent family 


cited in search report 


date 


members) 



EP 0872484 A 21-10-1998 US 5993690 A 30-11-1999 

CN 1195352 A 07-10-1998 
W0 9705144 A 13-02-1997 



EP 0602596 A 22-06-1994 DE 59307644 D 11-12-1997 

JP 6263662 A 20-09-1994 
US 5525258 A 11-06-1996 



s 
2 

I 

o 

& For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



81 



